The effects of the benzodiazepines range from behavioural changes to unconsciousness, depending upon the dose. Midazolam is a water-soluble benzodiazepine which has been studied as an intravenous induction agent for general anaesthesia, ~-4 and is currently under investigation as a premedicant, by the oral and intramuscular route. Its rapid absorption from intramuscular sites s could justify its use as an intramuscular premedicam. In an earlier dose-finding study of intramuscular midazolam HCI (unpublished data), it was found that 0.075 mg.kg -l produced sedation within 30 minutes after injection and a short period of antegrade amnesia, without local or systemic toxicity. Hydroxyzine was chosen as the drug for comparison because it is an injectable nonbenzodiazepine tranquillizer used for premeditation. Hydroxyzine produces sedation with a minimum of systemic side effects, although it can be locally irritating. The recommended dose of hydroxyzine is 0.5-1.5 mg' kg -~. The present study was designed as a doubleblind, single-dose placebo-controlled, betweenpatient study to evaluate the relative effectiveness of rmdazolam and hydroxyzine as intramuscular premedicants, and to determine whether the addition of atropine or hyoscine altered the effects of the tranquillizers when given alone.
Methods
One hundred and eighty adults, ASA physical status I or II, age 18 to 60 years, and weighing between 50 and 100 kg, consented to participate in this institutionally approved study. Approval had been granted by the institutional review board of Northwestern University. The patients underwent operations of a kind which would not interfere with their ability to answer questions the following day. All patients received either general or regional anaesthesia. They were randomly assigned to one of seven CAN ANAESTH SOC 1 1983 / 30: 2. f pp 136--14| groups. One group received the vehicle for midazolam (sodium chloride 9.0 mg, disodium edetate 0.1 mg, benzyl alcohol 0.01 mg, hydrochloric acid 10 per cent and/or 10 per cent sodium hydroxide v/v q.s. to pH 3.0-3.3, water for injection q.s. to 1 ml) and served as the control group. Three groups received midazotarn and the remaining groups were given hydroxyzine. The three groups receiving each tranquillizer were given either 0.9 per cent saline, atropine or hyoscine with the tranquillizer. The doses of drugs administered were midazolam HCI (5 mg-ml-l), 0.08 mg-kg -1, hydroxyzine (50 mg. ml-1), 1.5 mg'kg -l, vehicle for midazolam 0.2 ml. 10 kg -1, saline 1.0 ml, and atropine or hyoscine 0.4 mg (1.0 ml). All injections were given deep into the vastus lateralis muscle of the thigh approximately 60 to 90 minutes before induction of general anaesthesia or administration of regional anaesthesia. The actual substance contained in the syringe was unknown to the p~tients, nurse observers and anaesthetists who rated the medication after they had administered the anaesthetic.
Blood pressure, heart rate, and respiratory rate were measured before injection and again 30 and 60 minutes after injection.
The degree of drowsiness was rated on a fivepoint scale by a nurse observer immediately before and at 30, 60, and 90 minutes after drug injection. Drowsiness was evaluated as 0 = awake/alert, 1 = awake/drowsy, 2 = asleep/easily responds to verbal commands, 3 = asleep/difficulty responding to verbal commands, and 4 = asleep/no response to verbal commands.
Each patient marked a line, an anxiety visual analogue test, immediately before and 30, 60, and 90 minutes after injection. One end of the line was designated the worst anxiety the patient had experienced, designated as 100 per cent anxiety, and the other end as zero anxiety. A patient had to indicate an anxiety level higher than 45 per cent before drug injection to enter the study. Changes in each patient's self-evaluated anxiety level at the stipulated times were later compared.
To test for retrograde amnesia, a common object, a ballpoint pen, was shown before injection. Three memory cards, pictures of a dollar bill, a bird or a shoe were shown in random sequence 30, 60, and 90 minutes after injection. The next day patients were asked to recall the pictures; a composite of six pictures, including the three previously shown, was presented and they were asked which pictures, if any, they recognized from the previous day. Druginduced antegrade amnesia was considered to exist only when there was a failure to both recall and recognize a memory picture.
After the anaesthetic, the anaesthetist who ad ministered it was asked to evaluate the overall effect of the premedication as excellent = 4, good = 3, fair = 2, or poor = 1. This rating was based on the calming plus other observed effects. Patients were asked the next day to give a similar evaluation and were also asked if the medication had caused sleepiness or drowsiness. The injection site was examined for signs of local irritation 24 and 48 hours following drug injection. If erythema, tenderness or induration were present, they were recorded as were any other side effects.
Demographic data were analyzed statistically by a one-way analysis of variance~ Comparison of treatmems was made with the Wilcoxon rank test by comparing two treatments at a time for anaesthefists' and patients' overall ratings, for the anxiety visual analogue test, and for the level of drowsiness. Analysis of covariance (covariate was baseline score) was used to analyze vital sign changes. The incidence of lack of recall and recognition of memory pictures, incidence of patients' subjective feeling of drowsiness, and incidence of side effects were analyzed with Fisher's exact test. Results were considered to be significant if p < 0.05 (one-sided significance level for placebo comparisons, twosided, otherwise).
Results
The demographic data for each group are shown in Table I . The ages, weights, heights, and sex distribution of the groups were similar. The number of patients in each group whose operation might result in a diagnosis of malignancy was similar.
There were no clinically significant changes in blood pressure, heart rate, or respiratory rate, although a statistically significant rise in heart rate occurred 60 minutes after midazolam + atropine (5.1 beats rain-l), a decrease in heart rate (78.4 to 69.3 beats min -l) 60 minutes after hydroxyzine + hyoscine, and a 0.53 kPa decrease in mean arterial pressure 30 minutes after midazolam + hyoscine. Mean ('r per cent decrease in anxiety from control for each group at each time interval. Other comparisons may be found in the text, *p < 0.02 verstzs all groups receiving hydroxyzine or placebo.
significant differences from placebo can be seen. Drowsiness after all midazolam injections was greater than after placebo, hydroxyzine, ot hydrosyzine + atropine at 30 minutes after injection. Drowsiness was produced by all the active drug groups to a greater degree than by placebo at 60 and 90 minutes after injection. Midazolam plus atropine caused greater drowsiness at 60 minutes after injection than hydroxyzine plus atropine. The addition of hyoscine to midazolan| produced greater drowsiness at 60 minutes than midazolam alone, and when added to hydroxyzine caused greater drowsiness at all time intervals than hydroxyzine alone or with atropine (p < 0.05).
No group differences in initial anxiety level were seen on the anxiety visual analogue test. The per cent change in anxiety after premedication is shown in Table II . At 30 minutes a greater decrease in anxiety occurred in each of the groups which had received midazolam compared to each of those which had received hydroxyzine or placebo (p < 0.02), (Table ID, but not later. Hydroxyzine + hyoscine produced a greater decrease in anxiety than hydroxyzine alone at 60 minutes and at 90 minutes after injection and than hydroxyzine + atropine at 90 minutes after injection (p < 0.05). Atropine or no belladonna alkaloid were not different at any time interval.
There were five of 72 patients who had received midazolam and did not recall the ballpoint pen. They did, however, recall other immediate preinjection events and were not considered to have retrograde amnesia. All other patients recalled the pen.
The incidence of antegrade amnesia is shown in Table m. Significant antegrade amnesia was present 30 minutes after injection in each group who had been given midazolam compared to every other group. At 60 minutes this was also true for the groups with midazolam and a belladonna alkaloid. Midazolam alone caused more amnesia than placebo at 60 minutes. At 90 minutes, the group that had midazolam and hyoscine showed greater amnesia than the hydroxyzine, hydroxyzine +atro- For overall effectiveness as a prcmedicant, the anaesthetists could differentiate midazolam and hydroxyzine from placebo, but not from each other (Figure 2 ). The patients, however, rated all midazolam injections and hydroxyzine + hyoscine injections higher than placebo. They rated the combinations with hyoscine better than the drugs alone and midazolam alone better than hydroxyzine alone (p < 0.05).
Most patients said that the injection made them drowsy when the active drugs were used. The difference was significant (p < 0.01) when drugs were compared to placebo, but they did not differ Number of paliems who botk failed to recall and recognize memory pictures/number of patients in the group at each time interval. *p < 0.05 versus all hydroxyzine groups and placebo. l'p < 0.05 versos bydroxyzine, l~ydroxyzine + atropine and placebo. ~p < 0.05 versus placebo, from one another. A feeling of drowsiness was described more often when hyoscine had been added to hydroxyzine than when only hydroxyzine had been injected (p < 0.01). Erythema was seen at the injection site in three of 76 after midazolam. More severe reactions, tenderness and induration, occurred in 51 of 79 after hydroxyzine (p < 0.01). The only other side effect that could be attributed to the premedication was postoperative dysphoria exhibited by four patients after hyoscine.
Discussion
Non-phenolhiazine tranquillizers are frequently prescribed for premedication, either alone or in combination with analgesics, because they have fewer detrimental effects on blood pressure and respiration than do narcotics and barbiturates. We compared two tranquillizers, midazolam and hydroxyzine, with and without the addition of the commonly used belladonna alkaloids, atropine and hyoscine. The equivolemic doses of atropine and hyoseine used in this study were those commonly prescribed for adults in our hospital. Although these are not pharmacologically equivalent doses, we felt that it was important to determine whether the combination of hyoscine, 0.4 mg and midazolam, 0.08 mg'kg -* , would produce undesirable amnesic or hypnotic effects. A high dose ofhydroxyzine was selected to avoid prejudicing the study. The ability of hydroxyzine to relieve anxiety did not differ from that of placebo, except when combined with hyoscine. We also confirmed the local toxicity of hydroxyzine; some patients complained of local irritation for one week after injection. This degree of local toxicity might possibly be explained by the high dose of hydroxyzine administered.
Midazolam did not produce local irritation and the early onset of clinical effects parallels the rapid absorption from intramuscular sites, s Drowsiness, anxiolysis and antegrade amnesia were most pronounced at the 30-minute observation point.
Drowsiness after midazolam alone or with atropine was neither marked nor prolonged and it was decreased in intensity after 30 minutes. When hyoscine was added, drowsiness decreased after 60 minutes.
Anxiolysis was produced by midazolam to a greater degree than placebo or hydroxyzine only at the 30 minutes observation period. We ascribe these results to a greater placebo effect with time and a decline in the effect of midazolam after one hour. Although greater relief of anxiety after placebo than after some drug combinations appeared to be present at 60 minutes and 90 minutes after injection (Table II) , these numerical differences were not statistically different.
The correlation between the degree of drowsiness and the relief of anxiety was not consistent when we compared these two effects at the difference time intervals or when we compared the differences in drug effects from placebo. It, therefore, could not always be predicted how relaxed a patient may be by their degree of drowsiness.
Antegrade amnesia was produced in half the patients after midazolam and it usually lasted an hour. This was a longer amnesic effect than seen by Dundee s when midazolam was given intravenously in similar doses. When the amnesic effect of intramuscular midazolam is compared to oral diazepam and oral lorazepam, 9 it is found to produce a greater amnesic effect than both orally administered drugs for the first hour after administration, although lorazepam 4 mg produces a much greater frequency ofanmesia after an hour. The drowsiness produced by the highest oral dose of diazepam and lorazepam was similar to that produced by intramuscular midazolam.
Differences in amnesic effects of midazolam and hyoseine are dearly shown. Midazolam had a quicker onset with a more pronounced effect. The total amnesic effect was greatest when midazolam and hyoscine were combined.
Hyoscine also enhanced the drowsiness, anxiolyric effect and patient rating of hydroxyzine but only slightly enhanced the same effects when added to midazolam. The dysphoria produced in four patients after hyoscine, two with each tranquillizer, was easily reversed with physostigmine. Atropine did not alter the effects of either tranquillizer.
Although there were not enough male participants for meaningful comparisons, no apparent differences in drug effects between sexes were noted. No study to date has specifically addressed this question for midazolam.
We conclude that because of the early onset of sedation and anmesia, lack of marked or prolonged drowsiness, absence of systemic or local toxicity, and good ratings by both patients and anaesthetists, midazolam, 0.08 mg'kg -~ , appears to be a promising intramuscular premedicant when there is a relatively short interval between premedication and induction of anaesthesia. Hyoscine can prolong the amnesic effect and slightly enhance the other effects if the addition of a belladonna alkaloid is desired.
